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components, one acting along the generating line MPF of the cylinder and the other acting parallel to the plane XT. The latter, if it is not zero, must be in equilibrium with the component at Q parallel to the same plane. This however is impossible, because as P is moved along the helix the direction of the component at P makes always the same angles with the principal axes at P and is therefore changed, while that of the component at Q remains unaltered. Both these components must therefore be zero. It follows that the resultant stress force at any point P must act along the generator through that point.
Let It be the stress force at any point of the rod. The force jR may be transferred to the axis OZ of the cylinder by introducing the couple Ra acting in the plane OZFM. The force R thus becomes independent of the position of P.
Let us now turn our attention to the stress couples at P. Let Px be drawn perpendicular to the axis of the cylinder and let TPz be a tangent at P to the helix. Then by the known properties of the curve, the plane TPx is the osculating plane at P. Let Py be the binomial. If p = I/A; be the radius of curvature of the helix, the strains round Py and Pz are respectively tc and T, each being measured in the positive direction round the axes, i.e. from z to x and x to y. There is no strain round Px because the rod is naturally straight. If A and G are the constants of flexure and torsion, the corresponding stress couples are AK and Or. These couples may be resolved into two components, one having the generator PF for axis and the other having its axis parallel to the plane of XT.
Let the resultant of the latter couple and of the couple Ra be called H. The couple H at P together with the force R acting along OZ must be in equilibrium with the corresponding reversed couple H' and the reversed force R at Q. The forces are equal and opposite, hence the couples H, H' must be in equilibrium. Since the axis of the couple H always makes the same angle with CM, its direction is altered when the point P is moved along the helix while that of the couple Q is fixed. Equilibrium cannot exist for all positions of P unless both H and H' are zero. The stress at P is therefore equivalent to a wrench whose force acts along the axis OZ of the cylinder and whose couple acts in a plane perpendicular to that axis.
Consider the equilibrium of the portion AP of the helix.    The